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(57)Abstract 

PURPOSE: To provide a power transistor using a trench technique for 
application requiring a number of independent elements integrated on a 
single semiconductor die. 

CONSTITUTION: A power transistor cell 51, a source 20, a drain 16, and a 
trench 27 for providing an improved RDSon performance are formed on a 
substrate without sacrificing a yield performance. A gate 26 is formed on the 
surface of a space 15 between the source 20 and the trench 27. A drift 
region 14 is formed around the trench 27. A drift region 14 formed around 
the trench 27 improves the characteristics of an RESCUE transistor 50 
without scarifying a die region. 
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(57) B»] 

DSonttB*j|«T5t*h7>^^5 1. V 
-X20, HW>1 6, &tfhI/>^2 7*tg&l 2 
IC»*Sn*. KV— X2 0 <hghlx>^2 7 iiOWlO 
1 5 ±0SIfcy- h 2 6 ^M^n^. HU7h 
fi« 14 2 7 D icM^ns. hl^> 
^2 7(01510 KJUflJSnfcFU 7 4*t, $f>ffig 
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(2) 

1 

atriHy- ^«EFw>to n web «* n& h u >^ 

«^InjDMOS h7>yX^0RDSo n 

u 

BHROMiftlM] 
[0 0 0 1] 

menu ±fc*fto#Ffci«rr*. 

[0002] a? 

©^Slftf?- (reduced surface field : RE SURF) 
tt*fc«fcr?T, ffiU* u *>-mC (RDSon) tl& 

(StfrlS]— Sftft (lateral double di f fused) MO S h 
7>yX^) *RltSi:-r*ilih8i«*anfc (J. A. A 
P P e 1 s Rtf H. M. J . Vase M i^JE#ffi| 
^ (RESURFlf) w , 1 9 7 9^ IEDMfeI 
y-f^xXh , 2 3 8-24 11) . 40 

[0003] i cKtrfci3HT> *mfcy-imm*&m 

^«W*/M:t5iHBf:fi^RDS o n £g#rrs 



•HW7-7 4 3 5 2 

2 

±, ±)Vy7^^( *>h (self aligned) jfllM^fP 
flS^tlfciBfi *>gtam*MOSFET" . I EEE 
tf^h7>X7^'>3 X 1 9 8 7^4^^ 
4, ED-3 4® o iTa^fcaaXK-CRWSnT 

[0 0 0 4] 

3iffl*f*fc. hU>^8i*§ffl^i*h7>yX^& 
[0 0 0 5] 

(trench based) R E SURF LDMOS (KM 3 ft 
fc*®*#«#ft»&lt»MOS (reduced surface fi 
eld lateral duble diffusedMOS) b7>i?X?ffij& 

iShfcRDSonttKiftt*. FH>tV-X 

9>^X*^ir*JlH£»J5£-rs. RESURFh7>i^ 
JWfcStU £ftfc«fcD h7>yX^fi«S«*$t$, 
RF LDMOSh7>^I^ m-<D¥m#? 

<i ±\zmmt z> z t * RiiBfc-r 

[0 0 0 6] 

Sin, iaM/>^-XDMOSb7> 
ftTV**. h V>^«:#5V««3 6^§D HU7h« 

^3 4ic^T^$nr^^o ^hu->^«. ®>fb^4 
i^sfrft. * u 2/u 3 >T«fe$nry- h 4 2 &i 

^-hhV'>^4 2*BjU&C£KJ;D % (# 
T>f^3 6rt0) ^^^J13 5i^bU>^<DMmzm 
J^cSn, ^tl<fcD«0)LDMOS (EWIrJ— S&f&M 
OS) b^>^^(D^^^MZ^i^\^(D^m\^ 

si>7>^3on mmm^ (FK>s«3 2tt 
>^-xdmos h^>>*x^ 3 0 £^1;^ ±ic#i 

**h^>^X*fcL *I©KW>m*fflt*fc 
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3 

[0007] m2\t^m<Dt^mummmx^>^)i^ 

-t;Hl^>^"XRESURFSJfplDMOS (L 
DMOS) h^>^X*5 OS^WHHT**. 

1, 5 2H HttlcHtasn. ¥*#S&1 2<D]Ii$ig 

[0 0 0 8] h^>>*x*-fc:JW5 i ^tiL, -tr;V5 i 

1 6fc, S«l 2(D^Di{C^UT^fS]^^$n^o 
hl/>^2 7te, S«l 2ftK:£a<D, y-h26tH 

u-r >i 6 t<Dm\zmmztiT^z> 0 FU7h««i4 

7 ^ h 2 2 ttt H ij 7 M« 1 4 ^ ^fii^ntSS 
12M$n$. y-N&fcM2 4£tfUxUn><D 
h2 6«h«, V-720<!:H'j7h^l4i:« 

mfc-rz* Yv^>m&i e\z* h7>i?x*±)i5 1 

[0 0 0 9] Il:02SMU M/>^27tef^> 
^7^5 0 CIVi H 'J 7 hi^ 1 4 $^t§o 

hU>f2 7<DM»*^ hU>^2 7 

m&*m ^zitft<fi^HU7Hwi4 

^, CiniCcfcD HU7hS«l 4CD±#(DS$^S<*r 

ZKDJgSI h 5 >S?X* 5 0tt H W >" SH^fc 
l/>?DMOSh7>^tS^o Z<D3--—2f3i 

ii\ztmztift b?>i?x* 5 o snjffifcfs. 

[0 0 1 01 02^fc#8Sb, hl/>^-XRES 
URF LDMOSh7>^5 0H fifefeSfifCDeS 

^isj*^fctb^T-fe;nfy^ (w) &#i%\zm<U'DT 
mos h^>>?x^cD-fe;nf (w) te8 a^a>^ 



(3) 4$^7 -7 4 3 5 2 

?i<D*x%ntcfm\z. ^\z&<v>?**)VffistL&m 

[0 0 11] h^>^X^5 0JifilT©#j*JCJ:01Kfi 
■T^^t^T**. &1 ^a><DJP$<DS i O z H£ 

io io 2 m±.\zj&mrz>* w&v>vv>^*. &n 

1 2£TfcX!y^"r£o U>£^X (pbosphosilicate 
glass : RSG) Jf£h^>>>X^5 0<D^®±lC^ 

-r*, *i»«*«*fT*n, h u>^<D^m\zm^xisim 

ffi»gl4^M$n5 (OTH'J7hS«14tLT 
o (RN£! FU7 h«*£ 1 4 te, gP S G@ 
(OU>l:<fcOfPD^n5o ) RPSGHfctfSDB^ 
*U gfcl 2fiDi»l:FH>l 6£jgf£*r£*:&VX 

0 2 M^h^>^X^5 OJiiC^^n^o M^>^ 
0h^>ff«2 5 4>&MBS£5l£t h^>^X* 
5 0(Z)SWT5^SlO2 I«X7f>^$n 
So tt^fcSL, (7^-;W 8ySfc«fcD, HUMMUS 
1 4tFW>l 6 fcOH*&3Efc^aat« (outdiffu 
se) 3i£5p &V>Si0 2 h^>>*X^ 5 0 Jtfc 

»«sny-nitft2 4ft»*«. N+rowfttf 
39 io 2 h2 6§»«-rs. v 

^axw^y-K3>^^ h2 2 saws u cm 

\Z&r), V-X2 0SSS12 (EnttSfclsJKa)^ 
>FT&£) ^ffi&£i§>5>« !55 0 0 0t>^Xhn- 
ACDS i0 2 jg (0 2*tC^SnTV^VO ffi % «}X 
A-co^M±Jc^$n^ a RJP^StfcWl#xy5P> 
4/2*1* HW>16> 7-X2 0. y-b2 6M^cJC 

fc^SS (0 2l:^Sf) ^h7>yx^ 5 o±tc^ 
#^h$n, HK>16tV-X20«i:y-h26 

^taawM^n^. m/>^-xresur 

F LDMOSh7>^X^5 0H «*8SBJ; D fcil 
;Hf^y^ (W) ^#*«C«5V^ 
[0 0 12] A*7 h3 >37/7 h 2 2 ^LTSt 

t!6) V-X 2 0 2 O h 7>'^X^ 5 0 ft 

□ "MIHM/t (low side driver ) m&<DmftO>1t*> 

so izmmzmG-rzo m3\z^nx^a^m^^^^ 
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(4) 

5 

mm\t* d- h 5 2 icssmsnfc h w > i 6 ok 

6 \Zmffi2Mt¥- F 2 6 F^>>>X^ 5 0 

[0 0 13] i2$#I$nm h7>yX^5 0« 

^o^p^Kf^-r^o y-h 2 6±fc p7>^X^ 5 0 
©uswmee (v, ) cfco *>±t*fcmjE£Epinrr* 

H7*6, HK>16*1S, HU7hSWl4* 

n^>o HU7h««14tt, y-h«ft«24-F>J7 
P««l 4Bn©«JW«^r*«fc5K* «IH£WJBJ*f 

DSoni»>n, HU7HW14CD4S, F-bf 

^©RDSon t»««Et©H^r*«JBft;T* SltaW 

-fejufy^ (w) £*t*£u*;n<Lfr<, p 

[0014] RttttffiOlW, F W > 1 6 ffillMffo 

5 : F W > 1 6 ©«EE3W*arr*fc«V^ FH>1 
6 SSMW HU7h(B«l 
4 -SKfMt 1 2 ©*#fcra-s>Td»U F V-i > 1 6 

-f >1 6 -SSI 2Bfc, JMSSft*. HU7KW1 
4 a*^fe&£g.ttBfcfcS (h, P 9 >S?X* 5 0 \mtk 

fi:tT5o emu f t *;n 5±i:ffiit«*^- 

hmitm 2 4 ©ffi«-ci»«3»fcw8*-r * c t *m <. 

[0 0 15] B4(t *»^<DfflO!>*lSW-C**. «?g 
-fc, tt«S«2 1^ BI2©h^>^X^5 0*>6 P^ 
>S>X*6 0£S&£La&T^£o ffi»««2 1tt, g 
SI 2*6V-X2 0fet«»l:»IILT^5. -CD#j 

5o F |/>^-XRE SURF LDMOSh7>^ 

«wi2i*»wn6ja*Bi*, H2©h5>^ 40 

««2 3 CKT#t s W > ««2 3£LT#JH-T*) *t, IB 

2 1 -#7^®* 2 3©«J|LXy^±T+*fcfiBft«) 
^n-5o F5>^X^6 0©»0©«Jt^n-feX«H2 

[0 0 16] 04CDP^>>>X*6 Ott, ffittfttt2 1 

fca&fc»fflMT&*o itl^ y-X2 OtStl 2<h 50 



<$B¥7-7 4 3 5 2 

6 

(Dm&m&mzftmrzzt.&'&Etfcz/^m (high 

side) F^-fA^IT^cD3Sffi^F^>^X^6 0&m^ 
Sdt&WttfcU Ctl\Z^D, p7>$>X*6 0(D3S 

Tte* M5 8fcj(«SnfcFW>16t, D-F5 
2l:»8$nfcV-X2 0t Mffllirtt5 6fc&tfr*n 
fey— F 2 6 P^>i^X^ 6 OjfeSjfc*. 

[0 0 1 7] H6tt*«^(Z)3Efcaia)*lS«^LTl^ 
hU>^-XRESURFLDMOS h7>yX 
^7 0H HW>16^hU>f2 7W:M$n, 

vX^50tI^o HH>16», PI/>^27ft 
<MMM*2 5£Etf, M/>?2 70T0HU7KB« 

Ttt HM > 1 6 JC<fc 0 fiJ66ftTUfc bU>^L F U 

IBfc-r*. £<z>*|jsSa« % 2t><z>P^>>?x^-t:;W 1 1 

7 2itf*-OH/>f2 7**ffl-rSCl^£W*r 
SEoT, 2^(7)F^>> ? X^ir;^tC hl/>^2 7 

RDS on£MKM4>$i2r£o 
[0 0 18] m6<Dhy>i?X? 7 o&Mj&-rz>rcv>s 

V>S i O2 M2 SifihV^&mttX^ US i 0 2 12 
KWftft^lRltt (anisoiropic)OL^5 1 >^^ £&cd F 
£"Jtg<h-r50-C, hl/>fgft:«l2 5©IBittXyf 

*nf, x^3Miatt#ftfc<z>*«<. »v>s i o* s 
«*XA-a>W±fc (-eUT, Fl/>^oi£e6tc^o 

hxyf>mo, Fw>^w©«^rRi»Wfc»*$ 

j:Dy-F»{c*2 4*«»j«sn-5. n+shcf— 73 
ftfctf u v u n xA—o>»ffiic^«$n*fc f 

W>1 6 ty-F2 6 &0)Pl^r«S»tt$n«. ^D0> 

smxTv7itm2\zmmvxmm\sit7u±x\z& 

[0 0 1 9] H6Sr^5^T. HU7hi^l40^ 

tt, f^>^x^7 o<Dmvin&\zmm&)izitM-rz>*i 

ft. FV>^«, h7>yX^5 OKcfcDS&Snso 

^frtn^^^V^ h7>^X^7 0lt V-X2 0# 
Ay^y-h 2 2Sr^bTSSl 2IC««3nTV^ft 
26, D^«P^-fyt*P03B«lc»*aa»T?**. 
[0020] 0711 *«M<oMk:8iiosais«-c*s. 



—394— 



(5) 

7 

h7>yX^80ll 0 6<Z> e fc5tebl'>3 1 &ft;«32 5 
ESURF LDMOSh7>^X^8 0T^, 

1 2) tCDIHJTaatt^iMBS^Sfr^/WWH^-f 

n*^flD±5^ #*fcj£^iB»«B*«rr*. com 

s i o 2 m*vx.j\-mm±izmtfcrz>M\z* ±% 10 
tzuMm&m®,2 1 fc»*r*fc»fcU'$?;* h^x^^ 

(«T#r^M^2 3ttT#it5) a*tfiftMK2 1 

i£^fc:7aizxfct£5. 
[0 0 2 1] *XH£ff]ra^ffl£*!HLfttf£^ 

[0 0 2 2] a±CDtt^K:»UKR:KT©*«ll3R-r 

1. V-Xt, y-h^ Ry-htKH 

d stf h u y bfmt «rr * c t t^t-r w 

2. imii2«^«i^(pjm^h^>> ? x^T^oT, s 
r h vy^mttwmm*^* z 

zmzfanti h y >i>x*o 30 
[0023] 3. m2mmm<DWUjfamj3b7>zsx? 

4. mimmm<Dm^fantib7>i;x*\z&^T. r 

b&tf U ^ U U > (polycrys tal 1 ine) >-U 3 >^ £ 

j\zm&t<tiitv-xfm±* tf-bt. mmmzBfg, 

[0 0 2 4] 6. m5*l5«(D^h^>^X^T^^ 

x, mjc ^s^^^v-x^^mmM^Bi-r^ 

T, S^JEm^h^>v?X^<DM*r^^mjET, £fc 



7-7 4 3 5 2 

©yD7^~M^RESURF h^>xX^|9:tfJE31 

^>vx^ir;k 

[0 0 2 5] 8. V-X<h> y~h<^ hU>^Cf 
>^X** 

9. ^8^l2«^^h^>vX^T«>oT, EtehU 

10. Jg9^i2«<a*ft F^>^X*X&oX, RFlx 
[0 0 2 6] 11. Sl0«E«CD«Ah7>^X^ 

12. »1 l^SBS^SAF^xX^X&oX, RK 
l*m»T> BHW>##'J^UWJ> (poly 
crystal line)->U 3 >*^«SitS#att§i*b 
5>>*X^. 

13. V^ty-ha:Stt^l h^>^X^ir^ 
V-7s£r-bt*G'fZ>m2b?r>¥X? J t)l 

t. bu>^\z»A^nitmi b?>zsx?-t)V£m 
2 b^>^x^±)im<D^mbu-(>h, jgi b^>^ 
7s^^)Vt^2 b7>zsy.? j t:)vm<Dbvybmi&&m 
ffc*z> b v y^m. k> Htr f u 7 h«« t*» e>/&s c t 

^tt5t^h7>^X^ 

[0 0 2 7] 14. mi 3Jll2tt(Dm^h^>> ? X^IC 
£V>X, Iff h l/>5 1 fll:»«5nfcK*l F V-f 

ai«K:»rt4nfc»t, r»£ 
*r^m^h^>^x^o 

is. mi 4mmmv>n?>b7>is?s*\z&\,*T, urn 

mW&mt®*V. MHK>^U^UX3"J> (poly 
crys tal 1 ine) *s U 3 >^ c t htzmtl b 

[0 0 2 8] 16. mi 5^l3^m^h^>^X^X 

ftox, ftanwfc, y-x^sffi^em^wt-^giT 

Kmi3S5:^m2 h5>>?X^-fe;KDV-XC0T^ 
^Jh7>y^ a 

17. ?'(mi&&m±-rz>££ts:< h^>^x^^m 
>^x^^^u, -fe^tr^^flDfiisijCcfcoxet^iRjD 

MOSh7>vX^RDSon tttB^»:SS"r 
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(6) 

9 

[0 0 2 9] 18. »1 73HE«©^felC*^T, 

19. ^-f ^«£it:*:*r5££fr< h7>yX^^t 

MOS h7>^X^0RDS on&fg£&g-r£;£Sre 
&oT : ¥»#a«£»]«U KSSKSSl hl/>5P£ 

£fg/£U I M/>f ^ 1 0/^->ft$nfc 
fc, fg2 h^>^rtlcFl^>®^£J§^U SV-X 

- >flssn&3MiB s^ds-r s c t * c £ 

[0 0 3 0] 2 0. *19aEtO*ttfc6^T, 

[0 0 3 1] 2 1. M/>^-Xh7>^X^8f$ 



#I?7-7 4 3 5 2 

^x^-fejwsisesnfe. y-x, hkx stfhv 
»%fo<nnm<Dffintmmz-?z> 0 vv>^ 

(DUD \zmm~Zft1t Hy 7 h®*£^ y-f «Wt*«ttK: 
[0 0 3 2] 

[HI] IB M^>^-XDMOS h7>^X^^ 

[0 3] n^M^14co«^^^TlHlI^Sc 
[04] *58W©M©*JK«£^TWWH. 

[06] *KH^]crcMogaK«««^r»fBB. 

[07] 4^®Klc»omiM«^mnHH. 
[«F#0>i«B] 
14 

1 5 

2 o y-x 

2 7 bU>^ 

5 0 h^>S>X* 

6 0 h7>yX^ 

7 0 h7>yX^ 

8 0 b^> 9 JX9 
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(7) 



4MPF7-7 4 3 5 2 
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(8) 



4#$!¥7 -7 4 3 5 2 



me] 




F I Sflf^ffiBf 

H 0 1 L 29/78 3 0 1 R 

3 0 1 W 

3 0 1 G 
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